1. Introduction {#s0005}
===============

While fever and pain are debilitating and endangering, especially during pregnancy, medication might evoke long-term side effects in the offspring. Although a multitude of fever and pain relievers is available, only few are considered to be safe during pregnancy. Since 1893, *N*-acetyl-*p*-aminophenol (Paracetamol, Tylenol, APAP) became the first-line and widely used medication for pain and fever ([@bb0005]). Paracetamol is an over the counter (OTC) drug and sold under different brand names, pure or in combination with vitamin C or caffeine. Paracetamol is apparently safe at therapeutic doses and neither an opioid nor an inhibitor of coagulation. Nevertheless, Paracetamol is able to pass the placenta freely, thus exerting a direct effect on the fetus. Several retrospective and cohort studies addressed the question whether the intake of Paracetamol during pregnancy affects pregnancy outcome or children\'s health. Here, the impact of prenatal Paracetamol on neuronal development and children\'s behavior is currently intensively discussed ([@bb0100], [@bb0075], [@bb0015]). Moreover, a Danish cohort study from 2008 revealed a positive correlation between prenatal Paracetamol exposure and children\'s asthma ([@bb0065]). These findings are supported by the work of Shaheen et al., linking Paracetamol to antioxidant gene polymorphisms and wheezing when taken in late pregnancy ([@bb0080], [@bb0090]). Recently, Magnus et al. published a remarkable Child Cohort Study which demonstrated that pre- and postnatal exposure to Paracetamol is associated with asthma development ([@bb0045]). A meta-analysis revealed that Paracetamol intake during the first trimester seems to elevate the risk of childhood asthma ([@bb0010]). Nevertheless, association between Paracetamol and risk of childhood asthma varies between the studies and lacks insights on causality, e.g. an alteration of immune ontogeny in response to Paracetamol ([@bb0010]). Compelling evidence from mouse models showed a reduction of fetal liver HSCs, which could be associated with an increased risk of airway inflammation in the offspring ([@bb0035], [@bb0110]).

2. Aim {#s0010}
======

The aim of our present study was to determine the intake pattern of Paracetamol during pregnancy in a longitudinal study. Furthermore, we aimed to investigate possible effects and critical periods of Paracetamol intake on fetal immune ontogeny by analyzing the association between Paracetamol and HSC frequencies in cord blood.

3. Material and Methods {#s0015}
=======================

3.1. Study Design and Population {#s0020}
--------------------------------

The PRINCE study is conducted at the University Medical Center Hamburg-Eppendorf (UKE) and was initiated in 2011. Inclusion criteria were maternal age of 18 years or higher and a viable singleton pregnancy at gestational week 12--14. Women with chronic infections (HIV, hepatitis B/C), known substance abuse, who were smoking, had multiple pregnancies or pregnancies conceived after assisted reproductive technologies were excluded. Pregnant women were invited to three antenatal visits, once per trimester (gestational weeks 12 to 14, 24 to 26, and 34 to 36). Data on the assessment of relevant covariables is described in detail elsewhere ([@bb0025]). All study subjects signed informed consent forms and the study protocol was approved by the ethics committee of the Hamburg Chamber of Physicians (PV3694).

At the time of analyses, the PRINCE study sample consisted of 620 women. To be included in the present analysis, data on analgesic intake had to be available for each trimester, which was the case for 518 women. For analyses, only those women with no analgesic intake at all were compared to those with Paracetamol medication. Hence, women relying only on other analgesic medication such as ibuprofen were excluded from further analyses (final *n* = 483). Cord blood could be obtained from women delivering at the UKE (30% overall) and analyzed for hematopoietic stem cell (*n* = 146) ([Fig. 1](#f0005){ref-type="fig"}).Fig. 1Flow chart of the study sample.Abbreviations used: FACS, fluorescence-activated cell sorting.Fig. 1

3.2. Assessment of Analgesic Medication {#s0025}
---------------------------------------

At each study visit, medication intake was assessed via a questionnaire assisted interview from the study gynecologists. Women were asked to reflect in detail which analgesic they took since the beginning of their pregnancy or the last study visit, respectively. For each analgesic taken, information was asked regarding the brand name, specific date(s) of intake, intake duration and dosage. For the present analyses, total intake dosage as well as duration of intake were summed up for each trimester as well as for the entire pregnancy. Furthermore, categorical variables were computed: Based on the standard concentrations (500 mg Paracetamol/tablet) available in Germany, women were divided into four a priori defined groups according to Paracetamol intake: ≤ 500 mg, \> 500--1500 mg, \> 1500-4000 mg, and \> 4000 mg per day. Regarding intake duration, women were divided into groups of onetime, occasionally (irregular acetaminophen intake), weekly (regular intake at least for two weeks per trimester), and daily (regular intake at least for three continuous days per trimester).

3.3. Cord Blood Analyses {#s0030}
------------------------

If the woman gave birth at the UKE and signed consent, cord blood was collected. Samples were processed within 24 h after delivery, and 50 μl whole blood were stained with an antibody mixture as described elsewhere ([@bb0020]). Total HSCs were identified using two independent gating strategies in the CD45-positive mononuclear cell subset (mother population) using CD34 and CD133 as markers on cells with intermediate CD45 expression (CD45int). HSCs are defined as CD45int CD34^+^ cells, while "total HSCs" encompass in addition to the CD34^+^ cells the 'early HSC', defined as the CD34^−^ CD133^+^ (Supplemental Fig. 1).

3.4. Statistical Analyses {#s0035}
-------------------------

Descriptive statistics were used to present analgesic intake in the cohort: Group comparisons were made using *t*-test or ANOVA for normally distributed continuous variables, Kruskal-Wallis test for not normally distributed continuous variables and Chi-square test for categorical variables.

In a first step assessing the association between Paracetamol intake and HSCs, binary variables (Paracetamol intake in pregnancy yes/no) were analyzed using univariate regression models. As variables for HSC populations were not normally distributed, they were logarithmized prior to analyses. If an association was indicated in this first analysis by a statistical trend, further analyses were run to investigate whether a certain period during pregnancy was of particular importance. To achieve this, the structured approach to hypotheses involving binary exposures over the life course, presented by [@bb0095], was used: As we aimed to assess the association between repeatedly measured Paracetamol intake over the course of pregnancy and cord blood HSC populations, applying our research question to this approach, the two following hypotheses were investigated: the accumulated effect (variable values 0, 1, 2, 3, encoding Paracetamol intake in none, one, two, or each trimester), and critical periods (Paracetamol intake yes/no in each trimester). By using least angle regression, the most relevant hypothesis was identified and, as suggested by [@bb0095] an elbow plot was further used to identify all possible hypotheses of relevance. After identifying the relevant hypotheses, in a third step, univariate and multivariable regression analyses were run with each of the variables encoding the relevant hypotheses. Covariates considered as potentially affecting the association between Paracetamol intake and cord blood immune populations were maternal age, maternal first-trimester BMI, maternal educational status, maternal asthma, allergies, chronic disease, antibiotics medication (yes/no) pregnancy complications (yes/no, questionnaire based), parity (0/≥1), birth weight, gestational age, and fetal gender. The final model including the relevant covariables conformed to the assumptions of linear regression models (linearity, normality and homoscedasticity of residuals, absence of multicollinearity).

All analyses were carried out by using SAS software (version 9.4; SAS Institute) and R software (version 3.4.0) and were performed with a significance level at *p* \< 0.05. A *p*-value \< 0.1 was considered a statistical trend.

4. Results {#s0040}
==========

Of the 518 women with analgesic intake data in each trimester, 245 women (47.3%) took an analgesic at least once during pregnancy, of which 210 (85.7%) took Paracetamol ([Fig. 1](#f0005){ref-type="fig"}). [Table 1](#t0005){ref-type="table"} presents the study participants characteristics separately for women taking no analgesics and those taking Paracetamol at least once during pregnancy. As expected, there was a tendency towards a higher percentage of women with preexisting medical conditions (*p* = 0.080) and allergies (*p* = 0.062) among women taking Paracetamol. Also, the percentage of women with at least one child was higher among those women taking any Paracetamol (*p* = 0.008) as well as the percentage of women with pregnancy complications (*p* = 0.043). There were no other differences between the two groups regarding maternal and obstetrical characteristics.Table 1Maternal and obstetric characteristics presented for women taking no and any Paracetamol during pregnancy (*n* = 483).Table 1*n*No Paracetamol intake (*n* = 273)Any Paracetamol intake (*n* = 210)*p* for difference[a](#tf0005){ref-type="table-fn"}**Maternal characteristics**Maternal age (years)[b](#tf0010){ref-type="table-fn"}48332.35 (3.49)33.41 (3.81)0.47Maternal first trimester BMI (kg/m^2^)48324.17 (3.89)25.04 (4.61)0.15Maternal education, *n* (%)4690.11Main or middle school52 (19.6%)48 (23.7%)High school graduation74 (27.8%)69 (34.0%)University degree140 (52.6%)86 (42.4%)Pre-existing medical conditions, *n* (%)46856 (21.1%)57 (28.1%)0.080Asthma, *n* (%)4793 (11.4%)21 (10.1%)0.88Allergies, *n* (%)478128 (47.2%)112 (54.1%)0.062  **Obstetrical characteristics**Parity ≥ 1, *n* (%)48187 (32.1%)92 (43.8%)0.008Pregnancy complication, *n* (%)44072 (27.3%)64 (36.4%)0.043Gestational age at delivery (weeks)44640.26 (1.32)39.86 (1.55)0.85Birth weight (g)4463520 (463)3467 (487)0.83Fetal gender (girl), *n* (%)450133 (48.7%)97 (53.3%)0.26  **Hematopoietic stem cell frequencies**CD45intCD34^+^ (median (P25, P50))1460.75 (0.46, 1.10)0.59 (0.35, 0.90)0.0754Total HSC (median (P25, P50))1460.81 (0.51, 1.26)0.64 (0.43, 1.17)0.1479[^3][^4]

4.1. Detailed Data on Paracetamol Intake During Pregnancy {#s0045}
---------------------------------------------------------

Among women taking analgesics, the percentage of women using Paracetamol increases throughout pregnancy, while the percentage of women taking ibuprofen, the second most relevant analgesic drug, decreases (Supplemental Fig. 2). Of interest, between 9% (in the first and third trimester) and 14% (in the second trimester) of the women taking Paracetamol reported to have also taken at least one other analgesic, either as a combined product (i.e. with Hyoscine butylbromide or acetylsalicylic acid) or by taking an additional drug. [Table 2](#t0010){ref-type="table"} presents data regarding intake doses and duration for those women taking Paracetamol in the respective trimester if available. Overall, the majority of women took ≤ 500 mg Paracetamol/day and fell into the category of onetime users. Of note, the percentage of women in these groups decreased throughout the course of pregnancy. Concomitantly, an increasing percentage of women took between \> 500 and 1500 mg Paracetamol (18.0% in the first and 29.1% in the third trimester). Also, the percentage of women taking Paracetamol over at least three continuous days increased from 18.7 to 33.3% in the third trimester. In accordance with these observations, both, the absolute Paracetamol dose and number of days per trimester with Paracetamol intake indicated that the majority of women took Paracetamol in low doses and at few days per trimester, although also higher intake doses and longer intake durations were observed for few women ([Table 2](#t0010){ref-type="table"}).Table 2Paracetamol intake doses and duration in each trimester of pregnancy[a](#tf0015){ref-type="table-fn"}.Table 2**1st trimester2nd trimester3rd trimesterParacetamol intake dose/day***n* = 111*n* = 114*n* = 79 \> 0 to ≤ 500 mg85 (76.6%)78 (68.4%)52 (65.8%) \> 500--1500 mg20 (18.0%)33 (28.9%)23 (29.1%) \> 1500--4000 mg6 (5.4%)3 (2.6%)4 (4.1%) \> 4000 mg------**Total intake dose (mg)** Median (P25, P75)500 (500, 1500)1000 (500, 2000)1000 (500, 2500) Min, max200, 28,000250, 51,500250, 22,000**Paracetamol intake duration**[b](#tf0020){ref-type="table-fn"}*n* = 107*n* = 114*n* = 81 One time61 (57.0%)60 (52.6%)31 (38.3%) Occasionally22 (20.6%)17 (14.9%)19 (23.5%) Weekly4 (3.7%)5 (4.4%)4 (4.9%) Daily20 (18.7%)32 (28.1%)27 (33.3%)**Total days of intake** Median (P25, P75)1 (1, 2)1 (1, 3)2 (1, 4) Min, max1, 141, 251, 20[^5][^6]

4.2. Associations with Cord Blood Stem Cell Populations {#s0050}
-------------------------------------------------------

Of 483 pregnancies with either no analgesic intake or Paracetamol intake, HSC cord blood data was available for 146 women ([Fig. 1](#f0005){ref-type="fig"}). These women did not differ with regard to Paracetamol intake (*p* = 0.21). In general women donating cord blood at the UKE had a slightly lower pre-pregnancy body-mass-index and delivered more boys compared to non-donors giving birth in another clinic (Supplemental Table 1).

The upper part of [Table 3](#t0015){ref-type="table"} presents the results of the unadjusted analyses of the association between the binary exposure (Paracetamol intake vs. no analgesic intake) and HSCs in cord blood. For the frequency of CD34^+^ in CD45^+ int^ cells, a statistical trend for an inverse association was observed: Women taking any Paracetamol had the tendency to have a lower percentage of CD45^int^CD34^+^ cells (*p* = 0.075). As a weaker association was observed for total HSCs (*p* = 0.14), this population was not considered further. In a next step, the predefined hypotheses for effects over the course of pregnancy were assessed: The least angle regression revealed third trimester Paracetamol intake (Paracetamol intake vs. no analgesic intake) as those variable being most correlated with the frequency of CD45^int^CD34^+^ cells. Looking at the elbow plot (Supplemental Fig. 3), no sharp bend -- i.e. "elbow" -- can be observed, indicating a relevance also of the accumulated intake, first and second trimester intake (mentioned in order of relevance). Uni- and multivariable regression models were hence run for all variables and results are presented in the second part of [Table 3](#t0015){ref-type="table"}: A statistically significant inverse association was observed for the association between third trimester Paracetamol intake and the frequency of CD45^int^CD34^+^ cells (*p* = 0.038). After adjustment for maternal age, maternal BMI, parity, gestational age and birth weight, a trend remained (*p* = 0.068). For none of the other variables assessed (accumulated, first and second trimester intake) statistically significant associations were observed, neither in the unadjusted nor in the adjusted model.Table 3Univariate and multivariate linear regression models on the association between Paracetamol intake and hematopoietic stem cell populations in cord blood (*n* = 146).Table 3**β95% CIR^2^*p*Univariate analyses for whole pregnancy** (exposure: any Paracetamol intake yes/no):HSC total− 0.18589− 0.43350, 0.061720.0120.14CD45^int^CD34^+^− 0.21478− 0.45161, 0.022050.0210.075**Detailed analyses for the outcome CD45^int^CD34^+^**3rd trimester intake -- unadjusted− 0.32382− 0.62870, − 0.018940.0240.0383rd trimester intake -- adjusted− 0.28553− 0.59200, 0.020930.0860.068accumulated intake -- unadjusted− 0.08492− 0.22152, 0.051670.0100.22accumulated intake -- adjusted− 0.07239− 0.20915, 0.064370.0810.301st trimester intake -- unadjusted− 0.02315− 0.32143, 0.275130.00010.881st trimester intake -- adjusted0.01595− 0.27702, 0.308930.0680.912nd trimester intake -- unadjusted− 0.15880− 0.43633, 0.118740.0070.262nd trimester intake -- adjusted− 0.16157− 0.43585, 0.112720.0750.25[^7]

Sensitivity analyses were applied to preclude confounding by severe infection as indicated by parallel antibiotics medication. Multivariate models were further adjusted for antibiotics medication and additionally, an analyses was run excluding those few women taking both paracetamol and antibiotics in one trimester. Results remained unchanged (data not shown).

To consider medication doses and duration, boxplots of CD45^int^CD34^+^ cells are presented in groups of women taking ≤ 500 mg and \> 500 mg Paracetamol per day ([Fig. 2](#f0010){ref-type="fig"}a) and in groups of women taking Paracetamol only once, occasionally/weekly or daily (for ≥ 3 days continuously) ([Fig. 2](#f0010){ref-type="fig"}b) in the third trimester, latter being the variable with the strongest association. While a trend of a lower percentage of CD45^int^CD34^+^ cells was observed for the group of an Paracetamol intake of \> 500 mg/day as well as for the group with intake for ≥ 3 continuous days, the statistical test indicated no difference due to the low n-number per group (*p* = 0.16 and *p* = 0.48 for groups regarding intake doses and duration, respectively).Fig. 2Boxplots presenting the frequency of CD45^int^CD34^+^ in CD45^+ int^ in groups of women (a) taking ≤ 500 mg (*n* = 17) and \> 500 mg Paracetamol per day (*n* = 7) and (b) taking Paracetamol only once (*n* = 8), occasionally/weekly (*n* = 8) or on ≥ 3 consecutive days in the third trimester (*n* = 9) (definition of categories: occasionally (irregular acetaminophen intake), weekly (regular intake at least for two weeks per trimester), daily (at least for three continuous days per trimester)). Test for difference (Mann-Whitney-*U* Test and Kruskal-Wallis-Test) indicated no difference between the groups presented (*p* = 0.16 for groups regarding intake doses, and *p* = 0.48 for groups regarding intake duration.Fig. 2

5. Discussion {#s0055}
=============

This study presents detailed data of Paracetamol intake during pregnancy. We observed that Paracetamol was by far the main analgesic taken by the pregnant women, underlining the relevance to investigate possible side effects. Indeed, we identified the third trimester as a critical period where Paracetamol intake was prospectively associated with a lower frequency of HSCs in cord blood.

In Germany, Paracetamol is an OTC drug, available only in licensed pharmacies. This is important to consider when comparing our observational data with i.e. US-data, where Paracetamol can be freely purchased in drug stores. Moreover, the current study sample is characterized by a high socioeconomic status, and may thereby not represent the general population. Comparing the general maternal characteristics of women who took Paracetamol with the non-analgesic group, a background in pre-existing medical conditions, such as allergies seem to favor the intake of analgesics. Furthermore, women expecting their 2nd child had an increased risk of taking Paracetamol, which might be due to a different lifestyle setting (infections of firstborn and elevated stress level). Although almost half of the pregnant women in our cohort took an analgesic, overall doses and days of intake were low, and no participant exceeded the recommended maximum daily intake dose of 4000 mg. Those few women pursuing Paracetamol intake in higher doses over longer durations experienced pregnancy complications, such as infections, and Paracetamol intake was clinically indicated. The need of higher dosed analgesic treatment increased with ongoing pregnancy and women took Paracetamol more frequently, while onetime usage decreased concomitantly. This may go along with a more continuous pain history with ongoing pregnancy, such as an increased weight burden, resulting in e.g. back ache. Of note, our data does not allow to distinguish between Paracetamol medication due to infections or pain as indication for analgesic treatment was not assessed. We are however aware of the possible association between maternal infections and offspring asthma development and therefore precluded a possible confounding effect of antibiotics medication ([@bb0120]).

Several studies implied a long term effect for the children faced with Paracetamol in utero. Consequences such as an increased asthma risk, or Attention Deficit Hyperactivity Disorder were discussed ([@bb0040], [@bb0030]). Although strong interdependencies were shown, the actual literature lacks a prominent immunological explanation for the effects observed. We therefore provided a potential missing link by analyzing cord blood by flow cytometry and searched for variance in HSC populations. As Paracetamol intake varied greatly with respect to intake dose and duration, the main analyses in this study focused on binary and categorical analyses. However, by comparing the effect of no to any Paracetamol intake during pregnancy, we observed that the frequency of HSCs in cord blood was diminished when Paracetamol was taken. A more in depth analysis of our longitudinally collected data identified the 3rd trimester as the most critical trimester for Paracetamol related alterations of the HSC population. Looking at the overall explained variance of our models, even after consideration of relevant covariables, the total explained variation in cord blood stem cell populations ranged between 7 and 10%. This indicates that there are other factors impacting on the frequencies of these immune cells, which are independent of Paracetamol intake. The present results hence need to be interpreted carefully and should be seen as a moiety in the immunological setting. During immune adaptation to pregnancy, the maternal immune system is biased towards a Th2 cytokine response. This is also reflected in the cord blood and an additional Th2 bias upon Paracetamol use may be camouflaged by the already high Th2 levels. Moreover, it is controversial if cord blood IgE levels are predictable for atopy in the infant in the absence of atopic disease of the mother. ([@bb0060]) In future studies, we aim to determine a potential remaining Th2 skew and an allergen-specific IgE increase upon prenatal Paracetamol use in the children, which may account for an increased risk for asthma. Moreover, the reduced number of HSC we observed in cord blood upon Paracetamol use during pregnancy could be due to a reduced proliferation or increased death of HSC, which may subsequently affect myelo- and lymphopoiesis and hence, immunity in the child.

However, when third trimester intake doses and duration was additionally taken into account, our data indicated some effect of higher daily intake doses as well as a more continuous regular intake ([Fig. 2](#f0010){ref-type="fig"}). However, small numbers per group precluded us from detecting significant dose-dependent effects. Hence, larger group sizes would be needed, which are difficult to obtain in observational studies due to ethical considerations. Nevertheless, these findings imply that even within the range of the maximum daily dosage the application of Paracetamol may alter immune relevant cell frequencies. The finding of a special relevance of third trimester Paracetamol intake bears tremendous clinical implications, as Paracetamol is considered one of the few analgesics safe to use in the last trimester of pregnancy. Other findings supported that the intake in the third trimester seems to be a crucial hallmark in NSAID therapy ([@bb0105]). Concordant to our findings a UK based study found that 3rd trimester intake of Paracetamol bears the highest risk of asthma development ([@bb0085]). In a study by Shaheen et al., the application of Paracetamol during the third trimester was correlated with wheezing ([@bb0080]). Importantly, considering also our observation of increased intake dosages taken during the 3rd trimester, effects on the HSCs might become even more prominent.

The underlying mechanism for a particular relevance in the third trimester remains elusive. It is tempting to speculate on a time dependent relation, or an easier Paracetamol passage through the placenta due to change in the vascularization. Structural alterations of capillaries to sinusoids, to meet the needs of the fetus, might additional favor the transmission of Paracetamol ([@bb0050]). Paracetamol has been shown to be flow-limited in its transmission through the placenta ([@bb0055]). Whether hydrodynamics or epithelial factors in an aging placenta support an altered Paracetamol transmission has yet to be elucidated. Nevertheless, Paracetamol is known to pass the placenta freely and can easily reach sites of HSC in the fetus, e.g. the liver ([@bb0070], [@bb0115]). Application of Paracetamol in pregnant mice has been shown to decrease HSC frequencies in the fetal liver ([@bb0035], [@bb0110]), which may be due to apoptosis or reduced proliferation. Thus, it has been proposed that fetal HSC sites may be particularly susceptible to Paracetamol-induced hepatotoxicity, subsequently leading to a decline of HSCs. Such altered HSC pool may have consequences for the differentiation of HSCs in the different cell lineages, hereby affecting immunity of the offspring.

6. Outlook {#s0060}
==========

The present results add valuable detailed data on Paracetamol intake during pregnancy and indicate a particular relevance of third trimester Paracetamol intake, which was prospectively associated with a reduced frequency of HSCs. Future studies are needed to disentangle potential trimester-specific effects and elucidate the impact of maternal medication onto the offspring\'s health with a special focus on immune development. We finally would like to stress that we acknowledge the importance of Paracetamol medication during pregnancy to prevent more severe consequences caused by fever and infections. There might however be circumstances, where Paracetamol is rather taken out of habit and because it is a cheap and generally available medication. From our perspective it is important to tackle these cases through education on possible adverse side-effects of Paracetamol during pregnancy.

Funding {#s0065}
=======

This study was supported by Deutsche Forschungsgemeinschaft via KFO 296 (Grant: TI169/11-1 and DI-2103/2-1). The funding agency was not involved in any further scientific decision.

Conflicts of Interest {#s0070}
=====================

The authors declare no conflict of interest.

Author Contributions {#s0075}
====================

LB and JG analyzed and interpreted the data, searched the literature, and wrote the manuscript; LB drafted the graphical abstract; JG conducted the figures; CW analyzed the data and conducted the figures; MP recruited the participants and collected the data; CG collected the FACS data and prepared the figure; HB supervised the data analysis; KH and PA conceived the study; AD and GT supervised the project; all authors critically revised the manuscript and approved the final version.

Appendix A. Supplementary data {#s0085}
==============================

Supplementary materialImage 2

Acknowledgement {#s0080}
===============

We are indebted to all participants of the PRINCE study for their collaboration. We further would like to thank Gudula Hansen and Dr. Franziska Rüber for their effort in recruiting the participants and collecting the data, Lesley-Ann Straub and Martin Piontek for data entry, Agnes Wieczorek, Nora Kersten, Romy Hackbusch and Christopher Urbschat for FACS work and Detlev Riller for valuable help with the graphical abstract. We thankfully acknowledge the FACS Core Facility at the Research Campus for their technical assistance.

Supplementary data to this article can be found online at <https://doi.org/10.1016/j.ebiom.2017.10.023>.

[^1]: Contributed equally to this work.

[^2]: Shared supervision.

[^3]: *t*-test for continuous variables and chi-square test for categorical variables.

[^4]: Mean (SD) are presented unless indicated otherwise.

[^5]: *n*-numbers refer to the number of participants for whom data on dose and/or duration was available in the respective trimester.

[^6]: Definition of categories: occasionally (irregular acetaminophen intake), weekly (regular intake at least for two weeks per trimester), daily (at least for three continuous days per trimester).

[^7]: Models adjusted for maternal age, maternal BMI, parity, gestational age, birthweight.
